Reaction progress monitoring
The monitoring reaction was performed in the similar way as it was used in the kinetic experiments. Mixture containing 0.1 mmol of 4-bromoacetanilide (R 1 ) dissolved in 0.2 ml of dichloromethane (DCM) with 12 μL of trifluoroacetic acid (TFA), was added to the mixture of 5 mol% (0.005 mmol) of Pd(OAc) 2 (C) in 10 μL of DCM containing 10 μL TFA. After a time delay of 1000 s, the analogous reaction mixture containing 0.1 mmol of 3-Me acetanilide (R 2 ) dissolved in 0.2 ml of DCM with 12 μL TFA to the mixture of 5 mol% (0.005 mmol) of Pd(OAc) 2 (C) in 10 μL of DCM containing 10 μL TFA was initiated and immediately added to the first reaction mixture. The reaction mixture was diluted 100 times by dichloromethane and analyzed by ESI-MS immediately after mixing (0 minutes) and after 1, 2, 3, 5, 10, 20, 30, 40 , and 60 minutes. Figure S1 . Ratios of the cyclopalladated complexes obtained in the mixing experiment with 3-Me and 4-Br acetanilides. Time delay was t d = 1000 s and the ratios were determined 0, 1, 2, 3, 5, 10, 20, 30, 40 and 60 minutes after mixing. Figure S2 . The 1 H NMR spectra of the prepared precatalyst in CD 2 Cl 2 , reaction mixture measured 3 minutes after mixing the precatalyst with 5 molar exces of 3-bromoacetanilide and reaction mixture measured 2 hours after the mixing. The comparison of the spectra shows that reaction proceeds without formation of significant amount of side products or catalyst degradation.
Influence on ionization efficiency
The 1:1 mixtures of anilides, pyridinium salts or synthetized dinuclear palladium complexes were dissolved in CDCl 3 and 1 H-NMR spectra were recorded at 400 MHz to confirm the real ratios. Next, solvent was evaporated, mixtures were dissolved in appropriate solvents and ESI-MS spectra were recorded.
Influence of aliphatic chain length
It was studied for the pairs of acetanilide, propionanilide and butyranilide in different solvents (methanol, acetonitrile and dichloromethane). The figures shows areas of 1 H-NMR spectra used for determination of real ratios of components and corresponding ESI-MS spectra measured in DCM. Signals of protonated acetanilide and butyranilide mixed in the 50:50 ratio ESI-MS ratio 13:87 Figure S4 .
1 H-NMR and ESI-MS spectra of 1:1 mixture of acetanilide and butyranilide. The ESI-MS signals correspond to the protonated forms of depicted anilides [M+H] + . 1 H-NMR and ESI-MS spectra of 1:1 mixture of butyranilide and propionanilide. The ESI-MS signals correspond to the protonated forms of depicted anilides [M+H] + . 
Scope and limitations of the new kinetic method
Situation: The investigated reaction provides not only the products of interest, but also byproducts that consume the "catalytic" reactant C (in our case palladium).
We assume the same reactions as in the main text, i.e. reactants R 1 and R 2 are in a large excess with respect to C and they compete in reaction with C according to Equations S1 and S2:
The ratio of the products P 1 and P 2 is
We assume that C is consumed not only for the formation of products P 1 and P 2 , but also for byproducts B 1i and B 2i that react with rate constants k 1i B and k 2i B .
For the determination of the absolute rate constants, we introduce a time variation to the experiment by adding the second reactant R 2 with a certain time delay t d to the reaction mixture (i.e. we vary the reaction time of R 2 with respect to R 1 ). First, the reaction is set only with reactant R 1 and a half of the total amount of C and let to react for time t d . After t d elapses, the concentrations of [C] td and [P 1 ] td are (we assume the pseudo first-order reaction kinetics):
where k 1 sum is the sum of all reactions of C in the presence of the reactant R 1 in the given reaction mixture.
At time t d , the second half of the reactant C and reactant R 2 are added; the reaction is left to run until all reactant C is consumed. The concentrations of [P 1 ] fin and [P 2 ] fin can be expressed as:
where k 2 sum is the sum of all reactions of C in the presence of the reactant R 2 in the given reaction mixture.
Product ratio is thus:
Now we introduce the f 2,rel factor for the measure of the relative ESI response of P 2 with respect to P 1 :
and simplify the function for the fitting procedure:
The fits provide directly k 1 and k 1 sum , where the latter corresponds to the sum of the rate constants of all reaction pathways that consume the reactant C before the reactant R 2 is added to the reaction mixture. Further we can determine: .
Discussion:
The fitting formula is very flexible, because it contains combination of two exponentials and all together four fitting parameters. The data quality is usually not sufficiently large to allow determination of reliable rate constants in such a system. Also, the k 2 rate constant cannot be determined directly. The data can be analyzed, but it would require many measurements and more reference reactants. Probably, this approach would be thus very tedious and not generally applicable.
IRMPD/theoretical spectra of palladium dimer complex
The simulated spectra of different isomers were calculated using B3LYP method with the SDD basis-set and pseudo-potential for palladium and the 6-31G* basis-set for all other atoms, using a scaling factor of 0.986. The non-activated isomer F is clearly less stable energetically and doesn't correspond to the experimental spectrum, thus confirming the occurrence of C-H activation in ortho position of aromatic skeleton. Moreover, the comparison between isomers A-E both energetically and spectroscopically suggests that the experimental spectrum is best described by structure A, with one of the TFA ligands not bonded to palladium, but establishing two H-bonds with the remaining two acetanilides.
Figure S13. Comparison of theoretically calculated IR spectra corresponding to different isomers (blue) with IRMPD measurement of the palladium dimer complex (m/z 848) (red). The dash gray lines are used as guide lines. On the right side is shown the schematic view of each structure and their corresponding relative stabilities (E 0K including ZPE correction). 
Results of the fits
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Visualization of the fits Figure S14 . Fitting of the data obtained from the experiments with 3-Cl and 4-Br-acetanilides according to Eq. 8 (the parameters correspond to the variables in Eq. 8 with k 1 = k). 
Interconversion between the O-coordinated and N-coordinated anilides
The most stable pathway found between the minimum 2a and 3 consists of a two-steps mechanism, passing through minimum 1 (N-H coordinated to Pd). The step between 2a and 1 is a change of coordination to the palladium atom from O to NH, while the step between 1 and 3 corresponds to the hydrogen transfer from NH to OH. The relative energy of the barrier is larger than that for the concurrent process of the C-H activation which makes this process improbable. In fact, no N-coordinated species were experimentally observed during this work. The solvation does not have the same impact on the energy of each structure calculated. In fact, relative stabilization due to the solvation of the transition state and close-related structures (4a, 4b, 5 and TS4b/5) strongly differs from the stabilization brought to the other minima. As a result, the rate constants in solution are much larger than those in the gas phase. The main question is, if this effect is an artefact of calculation or a real effect?
An answer is given by the comparison of both calculated transition states and their respective relative stabilization. While TS4b/5 relative stabilization is dramatically affected by solvation, the relative energetic stabilization of TS1/5 is weakly affected. From the comparison between the energies of the solvated minima 3 and 2a, we can conclude that this effect does not have its origin in a differential stabilization of the protonation site (OH vs. NH) or palladium coordination (Pd-N or Pd-O) by the solvent model.
Inspection of the solvation model and its implementation in Gaussian09 reveals that the cavity is formed by uniting the spheres around each atom according to their VdW radii. The plots of the cavities generated during the calculation of each solvated transition state are shown in Figure S38 . While TS1/5 displays a smooth surface, TS4b/5 shows abrupt changes in the cavity surface and more especially near the Pd-H moiety, leaving small holes which can be responsible for an artificial stabilization by the implicit solvent. 
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Calculated Hammett plots
The calculated Hammett plots a) in gas phase and b) and in dichloromethane using CPCM models are presented below. Figure S40 . Comparison of Hammett plots constructed from the rate constants obtained from the fitting of the MS data (black), UV-Vis data (red) and theoretical calculations: a) calculations in the gas phase. b) calculations in dichloromethane using CPCM model. Blue: rate constants for the energy barrier calculated from the minimum 3 (N-coordinated acetanilide) and the N-coordinated transition state TS1/5. Green: rate constants calculated for the energy barrier calculated from the reactant complex with O-coordinated acetanilide (2a) and O-coordinated transition state TS4b/5. Gray: rate constants calculated for the energy barrier calculated from the pre-activated complex O-coordinated acetanilide 4b and O-coordinated transition state TS4b/5.
